The obese Zucker rat is an accepted model of non-immune mediated spontaneous focal glomerulosclerosis [1] . Obese Zucker rats are characterized by mild glucose intolerance and peripheral insulin resistance which result from obesity and hyperlipidaemia [2] . The,pathogenesis of glomerulosclerosis in this animal model has been the subject of discussion, but glomerular protein accumulation seems to be one important feature of this event [3] . Both glomerular structural proteins i. e. mesangial matrix as well as glomerular basement membrane, and deposited plasma proteins are part of the glomerular protein accumulation.
The balance of glomerular proteins depends either on their synthesis and deposition or their degradation. Recently, we demonstrated in obese Zucker rats that overall intraglomerular proteolytic activity was reduced [4] and we speculated that this might be an important underlying reason for glomerular protein accumulation. However, this was demonstrated only with the aid of a non-specific substrate. The aim of this study is to refine these results by investigating the metabolism of fibronectin, an important glomerular structural protein. We investigated, whether fibronectin accumulates in the glomeruli of obese Zucker rats and whether this might be due to diminished intraglomerular degradation of this substance.
Materials and methods
Obese and lean male Zucker rats used in the study were obtained from Fa, Ivanovas (Kisslegg/Allg~iu, FRG). The rats were fed on standard rodent chow and killed at 16 weeks of age.
Preparation of isolated glomeruli
The animals were anaesthetized with hexobarbital (150 mg/kg body weight) and a mid-abdominal incision was made to expose both kidneys. The kidneys were rapidly removed and bisected longitudinally. The medulla was excised and the cortical tissue was minced. Isolated rat glomeruli were obtained by differential sieving as essentially described by Spiro (5) by passing the homogenate successively through a 100 gm nylon sieve (Swiss Silk, Blothing Cloth MfG Co. Ltd., Ztirich, Switzerland) which excludes tubules and blood vessels. The sieved tissue was suspended in ice-cold 0.9 % NaC1 poured onto a 150 gm sieve and the final sieving procedure was done through a 50 gm sieve which retained the glomeruli. The retained glomeruli were removed from the sieve with the aid of ice-cold 0.9 % NaC1, the suspension was gently spun at 400 g for 5 min and the final pellet kept for morphological examination to exclude significant tubular contamination and for counting of the glomeruli. As judged by light microscopy, highly purified preparations of intact glomeruli were obtained from all groups of animals. Following lysis, the samples were stored at -30~ All assays were performed 24 h after isolation of the glomeruli.
Analytical methods
Materials. Leupeptin 
Enzyme-linked immunoassay for fibronectin-digestion
ELISA for fibronectin digestion was based on the method described previously [6] . In order to assay the panel of enzymes which might digest fibronectin, the homogenate was processed as follows: frstly, the sample was centrifuged at 400 g for 10 min to remove all debris, non-disrupted cells and nuclei [7] .
Secondly, proteins with adhesive properties were removed by adsorption onto nylon wool. Nylon wool was packed into 5 ml polypropylene syringes into which the cell homogenate was poured. After 30-min incubation at + 4~ the suspension was recovered. In a preliminary study it was demonstrated (data not shown) that 95 % of fibronectin was removed from the solution at a range of up to 1000 ng/ml. To measure fibronectin digestion, fibronectin coatedmicroplates were used. 30 ng/100 btl of fibronectin diluted in carbonate buffer pH 9.6 was poured into wells and dried overnight at 39~ Concomitantly, samples of fibronectin in concentrations of 5 ng/well, 15 ng/well, 20 rig/well, 25 ng/well and 30 ng/well were included in each plate to provide a standard curve. Dried plates were incubated for 2 h in 1% BSA in PBS at 37 ~ in a humid atmosphere and plates were washed three times with 0.05% Tween 20 in 0.15 mol/1 NaC1. Plates prepared in this manner were stored at + 4 ~ until used for assay after not more than 12 weeks.
In order to determine the optimal concentration of antigen (fibronectin) a preliminary study was performed in which microplates were coated with serially diluted fibronectin (range 1-1500 ng/well) and incubated with serially diluted anti-fibronectin antibody (in the range 1:500-1:6000). The absorbtion rate was linear up to 30 ng fibronectin per well.
To perform the digestion test 100 B1 of sample diluted 1:1 (volume/volume) in Tris buffer was placed in fibronectin-coated-microplates. After 90-rain incubation at 37~ plates were washed three times with 0.05 % Tween 20-saline and then incubated for 60 min with anti-fibronectin rabbit antibody labelled with HRP dilution 1:2000 in 0.05 % Tween 20 and 0.5 % BSA in PBS. After washing three times the colour was developed with the aid of 0.4 mg/ml OPD in citrate buffer pH 4.5 supplemented with 0.03 % H20> The colour reaction was stopped after 10 rain with 6N H2SO4 and optical density was measured at 492 nm with the aid of an ELISA-reader.
For convenience the proteolytic activity is expressed such that one unit will hydrolyze i ng of fibronectin per min at 37 ~ In order to study whether the fibronectin digestion by the glomerular proteinases is sensitive to different pH values of the incubation medium, all proteinase assays were conducted in the range of 5.4-7.4. Hence, the preparations of lysed glomeruli were incubated at 37 ~ in the presence of buffers with different pH values.
Enzyme-linked immunoassay for fibronectin-content
Fibronectin content was estimated in homogenate of sonicated disrupted glomeruli as described previously [8] . The probe was diluted 1:40 in carbonated buffer pH 9.6 containing proteinase inhibitors: Values are given as means + SEM. a p < 0.05; b p < 0.01; c p < 0.001, obese Zucker vs lean Zucker rats 1 btg/mt leupeptin, 1 gg/ml aprotinin, 0.5 gg/ml E-64 and 1 mmol/l EDTA. Both proteinase inhibitors and high pH were used in order to prevent protein degradation by enzymes [9] . Dilution of the probe in the range of 1:20-1:100 provided linear data. A 100 btl portion of each probe in triplicate was placed on the flatbottom microplate wells and dried overnight at 37 ~ Samples of fibronectin in concentrations of 2.5 ng, 5 ng and 10 ng per well were included in each plate to provide a standard curve. Dried plates were incubated for 2 h with i % BSA in water at 37~ in a humid atmosphere in order to saturate the plates and then washed three times with 0.05 % Tween 20 in 0.15 mmol/1NaC1. One hundred microlitres of rabbit anti-fibronectin serum labelled with HRP diluted 1:1000 in 1% BSA-PBS was added to the microplate and incubated for 60 min at 37 ~ After washing three times 100 gl of the substrate solution (OPD with 0.03 % H202 in citrate buffer) was put into each well and incubated for 10 min at room temperature. The reaction was stopped by adding 100 btl of 6 N H2SO4, and the optical density was measured at 492 nm with the aid of a ELISA-reader Protein was determined according to the method of Lowry et at.
[m].
Total urinary protein excretion was determined with the aid of the biuret method. Biochemical parameters of the blood were assayed using a Technicon autoanalyzer (Technicon,Terrytron, NY, USA).
Statistical analysis
Statistical analysis was performed by Student's t-test. Significance was determined asp < 0.05. All results are given as means + SEM.
Results
As can be seen in Table 1 , there was no difference in the plasma values of creatinine and blood urea nitrogen among the experimental animals. However, as expected, plasma triglycerides and plasma cholesterol levels were significantly enhanced in the obese Zucker rats in comparison to controls. The levels of fibronectin content, either depicted as value per glomeruli or estimated as fibronectin amount per protein content, are shown in Figure 1 A and B respectively. In fact, the fibronectin content per glomeruli was significantly (p < 0.01) increased in obese Zucker rats in comparison to their lean littermates (88 + 6 vs 48 + 4 ng/103 glomeruli). Similarly, the relative fibronectin concentration, with respect to protein content, was significantly increased in the experimental animals As can be seen in Figure 2 , the proteinase activity against fibronectin at pH 5.4 was significantly (p < 0.01) reduced in the kidneys from obese Zucker rats compared to controls (186 + 6 U/mg protein vs 256 + 14 U/mg protein). Similar results were obtained at neutral pH (152 + 12 U/mg protein vs 193 + 12 U/mg protein for obese Zucker rats vs lean controls).
Discussion
Fibronectin is a large glycoprotein, built of two subunits which are cross-linked by disulphide-binding [11] . It is synthesized by a wide variety of cells in vitro, but in vivo it is mainly produced by fibroblasts and endothelial cells [12] . Fibronectin, which is a normal constituent of plasma, is also widely deposited in connective tissue, blood vessel walls and basement membranes, being a major non-collagenous component of organ stroma [13, 14] . The biological properties of tissue fibronectin are numerous. For instance, it pro-L. Paczek et al.: Intraglomerular fibronectin in obese Zucker rats motes both adherence and motility of fibroblasts [15] . Perturbation of the glomeruli by the accumulation of fibronectin with high biological activity may induce both proliferation of mesangial cells and expansion of mesangial matrix [16, 17] . Hence, a potential accumulation of fibronectin might be an important promotor of focal glomerulosclerosis. Interestingly, we did in fact demonstrate in the model of obese Zucker rats enhanced glomerular concentrations of this glycoprotein. A similar result has been demonstrated in the model of streptozotocin diabetes [18] , however, it has been argued that fibronectin is mainly trapped in the glomerular basement membrane. Moreover, it could be argued, that the glomerular cells have increased their fibronectin production in the obese Zucker rat model. In ~ itro, production offibronectinby glomerular cells [19] has been demonstrated. Additionally, increased biosynthesis ~f fibronectin by endothelial cells [20] and by fibroblasts [21] has been reported in diabetes mellitus.
In the present study, we have also demonstrated the accumulation of fibronectin in isolated glomeruli in obese Zucker rats. This finding holds true either when relating the intraglomerular fibronectin value to a certain amount of glomeruli or to the intraglomerular protein content. Although not having assessed the diameter of the glomeruli in the present study, one must take into account the potentially different glomerular size of our experimental animals, which would influence the data concerning the content of this glomerular glycoprotein. Therefore, we confirmed the result of increased glomerular fibronectin values in obese Zucker rats by re-calculating it per protein content.
When discussing this effect, enhanced trapping of plasma fibronectin as well as stimulated synthesis of this glycoprotein are possible mechanisms which cannot be excluded. Since in contrast to the animals with streptozotocin-diabetes [22] the intraglomerular haemodynamics are unaltered in obese Zucker rats [23] , a deposition of plasma constituents to different extents in obese and lean rats does not seem to be the most probable explanation. The possible contribution of reduced catabolism of fibronectin to its glomerular accumulation has not yet been established. In fact, the glomerulus, formally described only as an ultrafilter, is well equipped with proteolytic enzymes, which are involved in the degradation of structural and non-structural proteins [24] . It has been argued in the model of streptozotozin diabetes, that fibronectin accumulation might be due to enhanced glycosylation, a change which reduces the susceptibility of proteins to proteolytic digestion [25] .
In this study we demonstrated that the activity of proteinases involved in the degradation of fibronectin from normal serum is significantly reduced. This was studied at pH 5.4 and 7.4, at the pH-optimum of cytosolic thiol proteinases and neutral serine and metallo-proteinases such as collagenase or trypsin. All these enzymes have been demonstrated in glomeruli. Possible mechanisms for the reduced proteinase activity might be due to enhanced glycosylation of the involved proteolytic enzymes or increased concentrations of proteinase inhibitors.
Our data indicate that fibronectin accumulation is partly due to reduced intraglomerular degradation. This mechanism could be an important pathogenic factor in the development of glomerulosclerosis in obese Zucker rats.
